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Atherosclerotic risk and social jetlag in rotating shift-workers: First evidence from a 
pilot study 
 
Abstract 
Objective: The aim of this study was to identify atherosclerotic risk using pulse wave 
velocity (PWV) in steel workers employed in different shift-work rotations, and to 
elucidate its relationship to social jetlag and shift schedule details.  
 
Participants: 
Male workers in a steel factory (n = 77, 32 fast clockwise (CW), 30 slow 
counterclockwise (CC), 15 day workers (DW); mean age 42 ± SD 7.6 yrs) with at 
least 5 years experience in their current work schedule participated. 
 
Methods: All workers completed questionnaires on demographics, health, stimulants, 
sleep, social and work life, social jetlag (difference between mid-sleep time on 
workdays and days off used as a marker of circadian disruption) and chronotype (mid-
sleep time on free days corrected for sleep deficit on workdays). In 63 workers we 
measured PWV, blood pressure (BP), heart rate (HR) between 08:00 and 12:30 h in 
controlled posture conditions (no caffeine/smoking/exercise). 
 
Results: There was no significant difference in PWV (covariates: age, BP) between 
the different shift-rotations (CW, CC and DW). In all workers combined HR and 
social jetlag were significantly positively correlated. Although demographic variables 
did not differ between shift-workers and day workers, the shift-workers (CW, CC) 
reported significantly more stomach upsets, digestion problems, weight fluctuations, 
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and social jetlag. The CW and CC workers did not differ in ratings of how shift-work 
affected sleep, social and work life.  
 
Conclusions: Although PWV was not different between the two shift-rotations, this 
pilot study shows first evidence that HR is related to social jetlag, and warrants more 
studies in different shift schedules. 
 
Keywords: Arterial stiffness, Pulse wave velocity, Stress, Clockwise, 
Counterclockwise, Chronotype 
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1. Introduction 
Epidemiological studies in the past decades have provided evidence of an increased 
risk of cardiovascular problems in shift-workers [6, 19], partially explained by the 
accumulation of traditional cardiovascular risk factors in shift-workers (e.g. smoking, 
poor physical activity, high BMI, or adverse blood parameters such as high 
triglycerides and cholesterol), and by the number of years of being exposed to shift-
work [21]. Recent reviews, however, have questioned these results as information 
linking shift-work and ill health status is limited and studies often have contradictory 
results [18, 35]. There is also little consensus as to whether fast or slow shift rotation, 
in either clockwise or counterclockwise direction, is the healthier solution [7, 13, 18]. 
Though fast clockwise rotation is argued by most authors to be the better choice in 
terms of less adverse health effects [3, 20], some studies have failed to find significant 
differences in health parameters due to shift rotation [5, 31].  
 With respect to atherosclerotic risk in shift-workers, there are, to date, only 
three applied studies, showing an increased risk in shift-workers. Notably, none of 
these studies has looked at shift direction specific effects. The first study looked at 
endothelial function, finding reduced flow-mediated dilation (FMD) of the brachial 
artery after night work independent of shift-work history [1]. The second study used 
ultrasound to measure the carotid intima-media thickness (IMT) and found a higher 
IMT by age and shift-work history (> 20 yrs) [10]. The third study also reported 
higher IMT in male shift-workers between 24 and 39 years of age [26]. These 
methods have not been used frequently in shift-work studies as they are very difficult 
to implement in real-life field settings and they require skilled researchers to gather 
and interpret the data correctly. We, therefore, selected to employ pulse wave velocity 
(PWV) [2], which is an indicator of arterial stiffness, and hence atherosclerotic risk, 
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and is a technique that can be more easily applied in field studies. The technique of 
PWV has shown good reproducibility [11] and validity in a number of studies on a 
wide range of pathological conditions in non-shift-workers, for example, on 
cardiovascular mortality in hypertensive patients [23], coronary heart disease and 
stroke [25], and cardiovascular mortality [28]. Measurements of PWV have, to date, 
not been used in a field study of shift-workers even though this technique appears 
perfectly suited to estimate an individual’s chronically accumulated effects of stress 
on the cardiovascular system [30, 34].  
 An additional and promising way to identify individual shift-work related 
health effects is to incorporate chronotype (time of mid-sleep on free days (MSFsc), 
corrected for the sleep deficit on workdays) [27] into the study design. Studies 
investigating the effect of shift-work on workers with different chronotypes (e.g. 
differences between ‘larks’ and ‘owls’) and especially different amounts of social 
jetlag (difference between the time of mid-sleep on workdays (MSW) and mid-sleep 
on free days (MSF)) [36] – as a marker for circadian rhythm disruption and hence 
chronic physiological stress – have to date only very rarely been performed [8, 18]. 
The current pilot study is, therefore, the first to report results on the relationship 
between social jetlag and cardiovascular risk markers in fast clockwise (CW) and 
slow counterclockwise (CC) shift-workers compared to day workers (DW) in the 
same workplace. We hypothesized that social jetlag arising from different shift 
schedules would significantly impact atherosclerotic risk. 
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2. Methods 
Data collection took place at ArcelorMittal Industeel Belgium in Charleroi, Belgium 
between October 2009 and February 2011. The study protocol conforms to the ethical 
guidelines of the 1975 Declaration of Helsinki and approval was given both by the 
Centre Hospitalier Universitaire de Charleroi (CHU) and the University of Surrey 
Ethics Committees. Recruitment to the study was performed via intranet email 
communication to the company staff and directly via oral communication between the 
foremen and their workers. Participation was completely voluntary, informed consent 
was obtained from each participant, and participants were not compensated for their 
participation. 
 
2.1 Participants 
Seventy-seven male workers (32 fast clockwise (CW), 30 slow counterclockwise 
(CC), 15 day workers (DW); mean (± SD) age 42 ± 7.6 years) were recruited. Both 
shift- and day workers had at least 5 years of experience in their current work 
schedule. Table 1 shows representative examples of a full shift-work cycle for an 
individual working in a clockwise and counterclockwise rotation, respectively. The 
clockwise group at the factory worked a faster rotating schedule (meaning less 
consecutive days on each shift) than the counterclockwise workers. The number of 
free non-work days within a shift cycle could have been different between workers 
(not reflected in Table 1), and, in addition, the counterclockwise workers had a 
variable number of free days to choose within a shift-work cycle. The number of free 
non-work days, however, was the same per year for each worker. The work times for 
both shift-work rotation groups were 06:00 - 14:00 h (morning shift), 14:00 - 22:00 h 
(late shift), and 22:00 - 06:00 h (night shift). At this steel factory the allocation of a 
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worker to either of these two shift patterns (CC or CW) was solely dependent on job 
vacancies offered to a worker applying for a job, and not subject to the workers’ 
choice. Shift-workers were reported not to switch from one shift rotation to the other. 
The work tasks between the two shift-work rotations (CC, CW) only differed due to 
their role in the steel producing process, and were assumed by the company to be 
equally labor intensive and stressful. At the current factory, clockwise workers (CW) 
handled the steel while in its liquid phase (work phase 1, steel temperatures of 1400 - 
1500 °C) and the counterclockwise group (CC) processed the steel in its later more 
solid phase (work phase 2, steel temperature of about 1200 °C). Day workers (DW) 
were involved in both work processes and/or office work during the daytime hours 
between 08:00/09:00 and 16:00/17:00 h. Day workers had either no history of shift-
work or had not worked shifts for at least five years. 
 
Insert Table 1 about here 
 
2.2 Data collection using questionnaires 
All participants completed investigator-developed questionnaires covering 
demographics, shift-work schedule details, subjective health problems, and stimulant 
consumption (Table 2). All shift- and day workers also completed the Munich 
Chronotype Questionnaire for shift-workers (MCTQshift) [16]. The assessment of 
sleep timing with the MCTQshift has been shown to correlate highly with the 
Morningness-Eveningness-Questionnaire (MEQ) [12, 37], and with both daily sleep 
diaries and objective rest-activity data assessed by actimetry [16, 33]. In addition, the 
MCTQshift has been shown to fulfill the same test criteria for validity as the MCTQ for 
day workers [17, 37]. Data obtained from the MCTQshift were used to calculate each 
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individual worker’s chronotype (time of mid-sleep on free days (MSFsc), corrected for 
the sleep deficit on workdays) and the amount of their social jetlag (difference 
between the time of mid-sleep on workdays (MSW) and mid-sleep on free days 
(MSF)) [36] in each work shift (morning-, late-, night-, and day shift). We also 
estimated the average amount of social jetlag per day for each worker, calculated as 
the total sum of social jetlag in the three work shifts divided by an individual worker’s 
total number of days per shift cycle. As social jetlag is an indicator of circadian 
rhythm disruption [8, 18, 36], it was in this study used as a surrogate for physiological 
stress from circadian misalignment. Shift-workers also self-rated how shift-work 
affected their sleep, social and work life, using selected questions from the standard 
shift-work index (SSI) [29]. The selected questions from the SSI asked about (i) 
‘Workload in each shift’: “Rate your workload in comparison to the average workload 
of other people performing a similar job in other parts of your organization” on a 1-5 
scale (extremely light/quite light/same/quite heavy/extremely heavy), (ii) ‘Subjective 
health complaints’: “Please indicate how frequently you experience the following …” 
on a 1-4 scale (almost never/quite seldom/quite often/almost always), (iii) ‘Time for 
commute from and to work’ (in hours and minutes), (iv) ‘Coping with shift-work’ 
with (a) “In general, to what extent does working shifts cause you problems with 
sleep, social life, domestic life, and work performance?” on a 1-5 scale 
(never/rarely/somewhat/often/always), (b) “To what extent do you think there are 
organizational problems at your work” on a 1-5 scale (not at all/ 
rarely/somewhat/often/very much so), and (c) “Do you find it difficult to cope with 
these problems?” on a 1-5 scale (no/rarely/sometimes/often/yes). Completion of the 
questionnaires was supervised by a researcher or done alone at home by the workers, 
depending on their work availability.  
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2.3 Arterial stiffness measurements using Pulse Wave Velocity (PWV) 
Pulse Wave Velocity was measured in 63 workers (26 CW, 23 CC, 14 DW), in 
addition to blood pressure (BP) and heart rate (HR) on one morning shift for all 
workers between 08:00 and 12:30 h, to control for the workers’ circadian phase. Pulse 
wave velocity, BP and HR were assessed non-invasively using a Vicorder (Skidmore 
Medical, Bristol, UK). For these measurements, participants had been advised not to 
drink coffee/caffeinated drinks and not to smoke for at least 3 hours prior to the 
appointment and not to do any heavy exercise (e.g. cycling, running) on the day of the 
measurement. Each PWV measurement took approximately 10 minutes and was 
performed with the participant lying down, with his head tilted at about 20 degrees 
after a relaxation period of 10 minutes. For the final analysis of the PWV 
measurements we used age and BP as covariates, according to the recommendations 
by The Reference Values For Arterial Stiffness' Collaboration [4]. 
 As a new simple concept in shift-work research, we estimated the “individual 
shift-work load” (ISL) to reflect the individual impact of a worker’s shift-work 
schedule. The concept of ISL aims to reflect the connection between social jetlag, 
speed of shift-work rotation and years of shift-work exposure. This new concept, 
therefore, is a surrogate measure to estimate the differential effect of the fast 
clockwise and slow counterclockwise shift schedule at the current steel factory. The 
“individual shift-work load” (ISL) was calculated using Equation 1:  
 
ISL = (SJL / #WD) * #SWyears    [1] 
 
We estimated the “individual shift-work load” from a workers’ individual amount of 
social jetlag (SJL, calculated as the difference between the mid-sleep time points on 
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workdays (MSW) and free days (MSF)) divided by the total number of workdays and 
work free days per shift cycle (#WD; hence reflecting speed of shift rotation) and 
multiplied by the total number of years of exposure to shift-work (#SWyears). For non-
shift working day workers, the number of years of employment at the current 
company have been used instead of “#SWyears”.  
 
2.4 Data Analysis 
Data analysis was performed using PASW Statistics 18.0 (IBM, Somers NY, USA) 
for Macintosh. Parametric and nonparametric statistical analyses were performed as 
appropriate. All demographic variables were expressed as mean ± standard deviation 
(SD) and PWV measurements were expressed as mean ± standard error of the mean 
(SEM). Differences in demographics between the three groups (CW, CC, DW) were 
calculated using one-way ANOVAs. Ratings of ‘how shift-work affects the worker’s 
sleep, social and work life’, and amount of ‘stimulant consumption’ were compared 
using Kruskal-Wallis Test. Ratings of subjective health data were analyzed using 
Mann-Whitney U-Test. Measurements of PWV were analyzed using ANCOVA, with 
age, BP, HR, BMI, WHR and smoking as covariates. The association between social 
jetlag, PWV, HR, and BP was determined using Pearson correlation analysis with age 
as a covariate. All p values were 2-tailed and statistical significance was set at a value 
< 0.05. 
 10
3. Results 
The three work groups (CW, CC, DW) did not differ significantly in age, BMI, WHR, 
systolic and diastolic BP, HR, and chronotype (Table 2). With respect to stimulant 
consumption, day workers reported significantly more wine consumption per week (p 
= 0.034) than the two shift-work groups (CW, CC), but otherwise there was no 
difference in stimulant consumption between the three groups (Table 2). The two 
shift-work groups (CW, CC) did not differ significantly in the ratings of how shift-
work affected their sleep, social and work life (Table 2). As expected, shift-workers 
had significantly more social jetlag (hence more circadian rhythm disruption; p = 
0.001) than day workers (Table 2). There were no statistically significant differences 
between fast CW and slow CC workers in any of the subjective health measures 
(prevalent: yes/no), except for appetite disturbances (question from the SSI) (+21.4% 
higher in CC, p = 0.021). By contrast to day workers, shift-workers (CW and CC 
combined) reported significantly more stomach upsets (+44.8%, p = 0.021), digestion 
problems (+42.3%, p = 0.017), and weight fluctuations (+38%, p = 0.008).  
 
Insert Table 2 about here 
 
Pulse wave velocity (PWV) was not significantly different between fast CW 
compared to slow CC workers and day workers. Figure 1a shows the raw mean PWV 
measurements (m/sec; unadjusted ANOVA) and Figure 1b shows the mean PWV 
measurements for the three work groups (as recommended by the Reference Values 
For Arterial Stiffness' Collaboration, 2010) using age and BP as covariates. Figure 1c 
shows the mean PWV measurements for the three work groups using age, BP, HR, 
BMI, WHR and smoking as covariates. These results did not change after further 
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adjustment for the prevalence (yes/no) of the following health parameters: diabetes, 
kidney disease, hypertension, and hypercholesterolemia (Figure 1d). Notably, the 
three highest PWV values (10.3, 10.4, and 11.1 m/sec, respectively) were observed 
exclusively in the fast CW shift-workers.  
 
Insert Figure 1 about here 
 
In all the workers (CW, CC, and DW combined) there was a significant positive 
correlation between HR and average amount of social jetlag (see methods for 
calculation) (r = 0.312, p = 0.018 unadjusted; r = 0.309, p = 0.021 adjusted for age). 
This correlation was also statistically significant when analyzing the data for the day 
workers alone (r = 0.673, p = 0.012 unadjusted; r = 0.679, p = 0.015 adjusted for 
age). As there was no significant difference in social jetlag between CW and CC 
workers, the social jetlag data for these two shift rotation groups were pooled and the 
social jetlag level separately for each work-shift (morning-, late-, night shift) was 
analyzed and compared with the day workers. Figure 2 shows the amount of social 
jetlag for each work-shift and for the day workers in relation to their chronotype 
(from early chronotypes (‘larks’) to late chronotypes (‘owls’)). The highest amount of 
social jetlag was found for the early chronotypes in the night shift (e.g. social jetlag of 
about seven hours for early types with a chronotype of 1). This pattern was reversed 
in the later chronotypes and a lower amount of social jetlag was observed (e.g. social 
jetlag of about five hours in late types with a chronotype of 7). By contrast to night 
shifts, late work-shifts caused a similar amount of social jetlag across all chronotypes. 
This finding suggests that the late shift poses the lowest circadian rhythm disruption 
(social jetlag) to workers in rotating shift schedules. Finally, there was a significant 
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positive correlation (r = 0.493, p = 0.005) between an “individual’s shift-work load” 
(ISL) and pulse wave velocity (adjusted for age and BP; PWVaBP). 
 
Insert Figure 2 about here 
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4. Discussion 
In the majority of the shift-workers studied PWV measurements were within the 
accepted reference range [4] and no statistically significant differences were observed 
between fast clockwise (CW) and slow counterclockwise (CC) workers. In all three 
work groups (CW, CC, DW) the values of PWV, either unadjusted, adjusted for age 
and BP, adjusted for age, BP, HR, BMI, WHR and smoking, or fully adjusted for age, 
BP, HR, BMI, WHR, smoking, diabetes, kidney disease, hypertension, and 
hypercholesterolemia were on average within the normal range (for the ages of 40 to 
59 years, representing the age range of the population studied here) with mean PWV 
measures (± 2 SD) between 7.0 (± 4.5 - 9.6) and 8.8 (± 4.8 - 12.8) m/sec, as recently 
recommended by The Reference Values For Arterial Stiffness' Collaboration [4]. On 
an individual basis, however, three workers, all fast clockwise workers, showed 
considerably elevated PWV values that could be interpreted as pathological (with 
10.3, 10.4, and 11.1 m/sec, respectively) based on the published guidelines [4]. We 
did not observe any further extreme values in the other measures of these workers, 
and none of these three workers reported having been diagnosed with any serious 
heart disease or other severe health problem that could explain this finding. As we did 
not collect information about family history of cardiovascular disease in these 
workers we can only speculate here. 
 However, we found a significant positive correlation between an “individual’s 
shift-work load” (ISL) and pulse wave velocity (PWV). As in the ISL formula the 
amount of social jetlag (which was not significantly different between CC and CW 
workers in this study) is divided by the number of workdays and work free days per 
shift cycle (to reflect speed of shift rotation) higher ISL values rather account for the 
fast clockwise workers (with fewer days per shift cycle = faster rotation) than for the 
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slow counterclockwise workers (with more days per shift cycle = slower rotation). 
Therefore, the positive correlation between ISL and PWV and the finding that three 
fast clockwise rotating workers showed pathologically elevated PWV suggest, that at 
this steel factory the fast clockwise shift rotation may impose more physiological 
stress, hence cardiovascular risk, to the workers than the slow counterclockwise shift 
rotation. Furthermore, this finding provides first evidence that arterial stiffness 
assessed by PWV is a surrogate measure for chronic stress depending on the speed of 
shift rotation and the number of years of employment in rotating shift-work.  
 There was no significant correlation between social jetlag and PWV, which 
might be related to the small number of subjects investigated. This pilot study, 
however, is the first field study showing a significant correlation between heart rate 
and social jetlag in real-life rotating shift-workers and day workers. Heart rate and its 
derivatives (e.g. heart rate variability) are markers for cardiovascular disease, and 
have been studied previously in shift-workers [14, 15, 32]. Increased heart rate can be 
interpreted as an indicator for increased sympathetic stress to the heart, especially 
when heart rate is increased in the mornings and in resting positions. We, in this 
study, did measure heart rate in the mornings and in workers in a resting position. 
Social jetlag, in turn, is a measure for the discrepancy between sleep timing on 
workdays and work free days and thereby a surrogate for sleep disturbance and stress 
to the circadian clock. Social jetlag has, for example, recently been shown being 
related to depression [24] and increased smoking behavior [36], indicating a relation 
to stress-associated outcomes. That disturbed sleep in shift-workers is linked to stress 
and to cardiovascular disease has been shown previously [7, 13, 21] and could also 
explain our finding here. If the effect on the cardiovascular system in our study is 
 15
directly related to different circadian adjustment in these two shift rotations and/or 
mediated through work site related factors should be investigated in future studies. 
 The amount of social jetlag has previously been shown to vary with a person’s 
chronotype and work shift [16, 33]. These observations are corroborated by the 
current study, showing the highest amount of social jetlag for the early chronotypes 
on the night shift, with very little social jetlag for the early chronotypes on the 
morning- and late shift. By contrast, the late chronotypes exhibited their highest social 
jetlag on the morning shift, but this was less than the social jetlag observed in the 
early chronotypes on their night shifts (7 compared to 5 hours, respectively). The 
regression lines (chronotype versus social jetlag) for the night and morning shift cross 
at a late chronotype of about 5.5, and not in the middle of the chronotype distribution 
as one might expect. These results support recent findings by Gamble and co-workers 
[8] from a study of shift-working nurses that showed a crossover in the regression 
lines at a late chronotype of about 4.5 and findings by Vetter [33] that showed a 
crossover at a late chronotype of ≥ 6. This finding of shift type (morning, late, night 
shift) and chronotype-dependent social jetlag emphasizes the role the type of shift 
plays in the development of chronic health problems in rotating shift-workers.  
 Finally, and as can be expected from previous studies [18, 21, 35], shift-
workers (CW and CC combined) reported more subjective health problems as 
stomach upsets, digestion difficulties, and weight changes compared to day workers. 
By contrast, however, both rotation groups (CW, CC) did not differ significantly in 
how shift-work affected their subjective sleep, social and work lives. This result can 
be interpreted as comparable subjective stress perception and workload in the two 
shift rotation groups. As these questions on workload were shift-work specific, there 
were no comparable data for the day workers. 
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 Only a few experimental studies have compared different shift rotations under 
laboratory conditions [3]. The results of these experiments showed no significant 
difference between experimentally induced short duration clockwise and 
counterclockwise shift rotation in shift-work naïve subjects. From investigations on 
sleep, social life and circadian rhythms such as body temperature, melatonin and 
cortisol, most authors and shift schedule designers favor clockwise rotation as it is 
supposed to lead to better adjustment to the shift-work hours [9, 20]. By contrast, 
Tucker and colleagues [31] failed to find a statistically significant difference between 
advancing (counterclockwise) and delaying (clockwise) shift-work schedules. In 
addition, de Valck and colleagues [5] showed no effect of different work rotations on 
cortisol and subjective sleepiness. It has therefore been argued in these studies that the 
type of shift (e.g. that night shifts and morning shifts are worse than late shifts) might 
be more important in affecting health than the direction of rotating shift-work 
schedules. A lack of prospective longitudinal studies that focus on chronic health 
effects in shift-workers employed in different directions of rotating shift-work 
schedules, however, limits the conclusions of these previous studies, including ours. 
Such prospective studies in turn would be highly informative to characterize the 
mechanisms that potentially link shift-work and cardiovascular risk. The number of 
years of being a shift-worker has been shown to be related to an increased 
cardiovascular risk [21, 22], a relationship that did not reach statistical significance in 
the current study in any of the measurements performed. However, our findings of 
significant positive associations between HR and social jetlag and also between an 
“individual’s shift-work load” (ISL) and PWV illustrate that disturbances to the 
circadian clock should be considered in studies on health in shift-workers. 
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4.1 Limitations to this study 
The small sample size of the shift-work groups (32 CW, 30 CC) is a limitation of this 
study and could explain the lack of a statistical difference in PWV between the two 
shift rotation groups. As this field study was a pilot study, being the first to perform 
PWV measurements in shift-workers, power calculations prior to the start of the study 
were not possible. Post-hoc power and sample size calculations (PS Power and 
Sample Size Calculations Version 3.0) showed a statistical power of 34% of the 
current data set with 176 participants needed to obtain a statistical power of 80%. 
Unfortunately, the current economic situation does not permit any further large-scale 
recruitment at this company. In addition, the economic situation and consequent 
reduction of workdays has altered the monthly workload for the workers at this 
company. Furthermore, little is known about the effects of the speed of shift rotation 
on cardiovascular risk. Also in the current study, we can only speculate on these 
aspects of shift schedule design. To resolve this latter issue one would need two 
additional rotation groups to be studied, one in a fast counterclockwise and another a 
slow clockwise rotation shift. Despite these limitations, we believe that this pilot 
study represents a proof of principle, which will encourage future shift-work field 
studies to assess PWV, HR and social jetlag in more shift-workers employed in 
different shift systems.   
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5. Conclusion 
Irrespective of shift rotation, shift-workers reported more health problems than day 
workers, and we found a significant correlation between the amount of social jetlag 
(as a surrogate for circadian rhythm disruption) and heart rate. In addition, in the 
current study the fast clockwise shift rotation, compared to the slow counterclockwise 
shift rotation, fulfilled at least two of the general recommendations in shift schedule 
design, i.e. it rotates fast and in a clockwise direction. It is thus of interest that the 
only three workers with pathologically elevated PWV values (hence with an increased 
atherosclerotic risk) were exclusively found among these fast clockwise shift workers. 
There were no such cases found among either the counterclockwise rotators or the day 
workers. This observation could be cautiously interpreted as first evidence for an 
elevated atherosclerotic risk in this shift-work rotation group. Future studies are 
needed to test the usefulness of PWV as a biological correlate (biomarker) of a 
person’s individual shift-work stress. 
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Table 1 Representative examples of two complete shift-work cycles of individuals in 
a fast clockwise and a slow counterclockwise rotating schedule. 
 
An individual’s fast clockwise shift schedule (example, 28 days)  
Shift sequence      Shift ratio 
M - M - L - L - N - N - N - DO - DO    (2:2:3:2) 
M - M - L - L - L - N - N - DO - DO    (2:3:2:2) 
M - M - M - L - L - N - N - DO - DO - DO  (3:2:2:3) 
 
An individual’s slow counterclockwise shift schedule (example, 21 days) 
Shift sequence      Shift ratio 
N - N - N - N - N - N - DO - (DOs)   (6:1)    
L - L - L - L - L - L - DO - (DOs)   (6:1) 
M - M - M - M - M - M - DO - (DOs)  (6:1) 
 
(M) = Morning shift 06:00 - 14:00 h, (L) = Late shift 14:00 - 22:00 h, (N) = Night 
shift 22:00 - 06:00 h, (DO) = Day off. Note, the counterclockwise workers had 
variable free non-work days (indicated as (DOs) with brackets in the Table) to be 
taken within a shift-work cycle so that each worker had the same number of free non-
work days per year. 
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Table 2 Participants’ characteristics of the 32 fast clockwise (CW), 30 slow counterclockwise rotators (CC) and 15 day workers (DW) 
 
       Group mean (SD) 
 
       CW  CC  DW  ALL  overall p
 
Age (years)      39.5 (7.5) 42.9 (7.6) 45.0 (4.8) 42.3 (7.3) F = 1.994, p = 0.140* 
Body mass index (kg/m2)     27.5 (4.2) 28.4 (5.2) 28.6 (4.3) 28.2 (4.7) F = 0.364, p = 0.697* 
Waist-to-hip ratio      0.94 (0.05) 0.95 (0.05) 0.96 (0.05) 0.95 (0.05) F = 0.575, p = 0.566* 
Systolic blood pressure (mm Hg)   134.7 (17.9) 131.8 (12.9) 140.5 (13.6) 134.1 (14.8) F = 1.561, p = 0.217* 
Diastolic blood pressure (mm Hg)   81.1 (10.3) 78.8 (13.0) 84.1 (10.2) 80.4 (11.8) F = 1.031, p = 0.362* 
Heart rate (bpm)     66.2 (11.1) 65.6 (8.8) 65.1 (11.7) 65.7 (10.1) F = 0.026, p = 0.974* 
Chronotype (h, MSFsc)    4.1 (1.5) 3.8 (1.2) 3.2 (1.4) 3.8 (1.3) F = 1.488, p = 0.233* 
Social jetlag (h)     2.4 (1.1) 2.8 (1.0) 0.8 (0.7) 2.2 (1.2) F = 13.504, p < 0.001*,# 
Cigarettes/day      7.0 (10.0) 5.4 (9.0) 5.1 (7.3) 5.8 (8.9) p = 0.795§ 
Beer consumption (cans/day)    0.6 (1.7) 0.4 (0.5) 0.4 (0.5) 0.5 (1.0) p = 0.093§ 
Wine consumption of (glasses/week)   0.2 (0.5) 0.3 (0.4) 0.6 (0.8) 0.3 (0.5) p = 0.034§,# 
Hard liquor consumption of (glasses /month) 8.1 (12.4) 7.7 (12.3) 13.5 (15.0) 9.0 (13.0) p = 0.762§ 
Coffee consumption (cups/day)   2.4 (2.1) 3.5 (3.1) 4.0 (3.8) 3.3 (3.0) p = 0.441§ 
Black tea consumption (cups/day)   0.4 (1.0) 0.4 (1.0) 0.4 (0.8) 0.4 (1.0) p = 0.752§ 
Energy drink consumption (cans/day)  0.9 (1.1) 0.6 (1.0) 0.2 (0.4) 0.6 (1.0) p = 0.324§ 
Shift-work impact on … (Comparison between fast clockwise and slow counterclockwise workers only) 
… Sleep quality     3.9 (1.3) 3.6 (1.2) 3.8 (1.3) 3.7 (1.2) p = 0.094§ 
… Social life      3.8 (1.2) 3.3 (1.2) 3.3 (1.1) 3.5 (1.2) p = 0.118§ 
… Domestic life     3.6 (1.3) 3.1 (1.0) 3.3 (1.1) 3.3 (1.1) p = 0.144§ 
… Work performance     3.3 (1.4) 3.2 (1.0) 3.0 (0.9) 3.2 (1.1) p = 0.226§ 
… Work organization     3.2 (1.3) 3.6 (1.1) 3.1 (0.7) 3.4 (1.1) p = 0.817§ 
… Coping organizational problems   3.5 (1.3) 3.1 (1.0) 2.8 (0.9) 3.1 (1.2) p = 0.205§ 
* One-way ANOVA / § Kruskal-Wallis Test / #
 
not significant between CW and CC, but only between CW and CC combined and DW
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Figure Captions 
 
Figure 1 
Pulse wave velocity (PWV) measurements (m/sec, mean ± SEM) for fast clockwise, 
slow counterclockwise shift-workers and day workers A) PWV unadjusted, main 
group effect p = 0.128; B) PWV adjusted for age and blood pressure, main group 
effect p = 0.209; C) PWV adjusted for age, blood pressure, heart rate, body mass 
index, waist-hip-ratio and smoking, main group effect p = 0.202; D) PWV adjusted 
for age, blood pressure, heart rate, body mass index, waist-hip-ratio, smoking, 
diabetes, kidney disease, hypertension, and hypercholesterolemia, main group effect p 
= 0.3; (all ANCOVA).  
 
Figure 2 
Amount of social jetlag (h, difference between mid-sleep on workdays and free days) 
in each work-shift (early, late, night) and for the day workers in relation to chronotype 
(shown as individual chronotypes in hourly MSFsc (mid-sleep on free days corrected 
for the sleep deficit on workdays) bins), black circles = morning shift (n = 48, r = 
0.485, p <0 .001), grey circles = late shift (n = 49, r = -0.164, p = 0.26), open circles = 
night shift (n = 55, r = -0.600, p < 0.001), grey circles with black line = day workers 
(n = 14, r = 0.809, p < 0.001). Note the crossover in social jetlag in the morning and 
night shift for the later chronotypes. 
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FIGURE 2 
 
 
 
 
